/ Chapter 2 Properties of resistive circuits \

2.1-2.2 (optional)
equivalent resistance, resistive ladder, duality, dual entities

2.3 Circuits with controlled sources

controlled sources (VCVS, CCVS, VCCS, CCVYS), equivalent
resistance

2.4 Linearity and superposition
proportionality principle, superposition theorem
2.5 Thevenin and Norton networks
Thevenin’s and Norton’s theorems, source conversion
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Optional
1. equivalent two-terminal networks: two-terminal networks have

the same i-v characteristics

2. series-connected resistors: voltage divider
series equivalent resistance: Ry =R +R,+..+Ry

3. parallel-connected resistors: current divider
parallel equivalent conductance: G, =G, +G, +...+G,

4. resistive ladder: a network consisting entirely of series and parallel
resistors

5. series-parallel reduction method: to solve branch variables of a
resistive ladder
(1) step 1: find the equivalent resistance of the ladder network
(2) step 2: calculate the voltage or current at the network terminal
(3) step 3: use KVL, KCL, Ohm’s law to calculate branch variables
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%. EXx. 2.4 solve terminal current i, total dissipated power p, branch \

variables v,, vy

(1) Step 1 2 kQ i 4 k€2
Req :2_|_10//15:8k(2 %D |—> %20%2 %20}41 5kﬂ%
(2) Step 2 2ol|20 10kQ 4+5+6-= 15m
(a) “3 mnected to a ladd work
i——29 _0.005 |
8000 T I
P =40x0.005=200MmW v L i !
C_) 10kQ < 15kQ (_) < Ry, . 28 + S
(3) step 3 _ ﬁ
v, =40-2000x0.005=30 e
(h) Partitally reduced network (¢) Terminal equivalent diagram
v, =30x > =10V
4+5+6
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I, v Interchanged

%. dual networks:
I-v equation of network A= i-v equation of network B with its

~

Series network

Parallel network

KVL loopeq. V= (R, +R,+..)I

KCL node eq. 1=(G,+G, +...)v

equivalent resistance R, = R, + R, +...

equivalent conductance G, =G, +G, +...

voltage divider R,
VRES V

" R +R,+..

current divider i G,

" G +G, +...

open circuit v, =vwhen R, - o

short circuit i, =iwhen G, > o

N
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/8. Dual pairs KVL KCL \

voltage current

resistance conductance

loop node

series parallel

open ckt short ckt

node voltage mesh current

capacitance inductance
9. Ex. 2.5 dual networks impedance admittance

2Q 3Q 8S

A—AN—t —t—

12v ] (i

(a) Nlustrative circuit (b) Exact dual |
vV, =-2+5

Y
i, =-%+5

8 | i —12—(2+3)V,
\ v, =12 — (2 +3)i, o F SR §23 /




/(dual circuit conversion) \

—A

12 A . i), L5V
C‘ﬁ 28 352> 0; CD

& g

(a) Mlustrative circuit (b) Exact dual

Step 1: place a node at the center of each loop and the reference node
outside of the given circuit

Step 2: draw a line between the nodes with each line crossing an 3 S
element, and replace that element by its dual

rule of source: a voltage source that produces a positive (CW) loop
current has as its dual a current source whose referenCPQS
direction is from the ground to nonreference node

12V — i, positive or CW — dual 12A current source directed from 0 to 1

5A to the ground node — i, (negative) = -5A or CCW — dual 5V voltage source
26 B R 23 /
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2.3 Circuit with controlled sources
Basics

~

1. dependent (controlled) sources: linear element

O— -
+
Vo= UV,
by \
- voltage gain

(a) Voltage-controlled voltage
source (VCVS)

(transformer, voltage amplifier)

+ le= Piy
“ AN
current gain

(b) Current-controlled current
source (CCCS)

(BJT)

O— - O— .
+ —>

+ le =8mUyx b ¢ = Tmiy
Ux v \ \
o— -

(c) Voltage-controlled current
source (VCCS)

(FET) 2-7

(d) Current-controlled voltage

source (CCVS) (transformer)
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/ (DC transistor circuit)

npn transistor

< B

method 1

loop 1: 2=100x10°, + 200 x10°i,...(1)
loop 2: Vg =0.7=200x10%, — i, = 3.5UA
loop 3: —v, —10°I. +16 =0...(2) C 13
(1) > 1, =13uA, node A:i, =i, +1; = I; =9.5UA

. =PBl, =1.425mA, (2) = v, =16 -1.425 =14.575V

DC equivalent model

In active mode: Vg = 0.7V \

c =al.,a:CB current gain
0.98<a <0.999
=BI1;,B: CE current gain
50 < B <1000

—»

é }’6 %V)Il_

D

B iﬁﬁ%??ﬁ‘—%%ﬁﬁ;% \/

X 7



/
:
:

+3=150

V, =16 —10° x1501,...(1)

method 2 \

I, =i —i, = 2— 073 0.7 __g.50A
100x10° 200x10

(1) > v, =16 -10>x150x 9.5x10° = 14.575V 16V
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2. equivalent resistance theorem (terminal behavior of a network)
For a two-terminal load network containing resistors and
controlled sources, the equivalent resistor is determined by its
terminal voltage and current.

no independent source inside

07
+
Load

v v
network ?Req

- -

() Load network containing resistors (b) Equivalent
and controlled sources resistance Ry, = v/i
Req =
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/ Discussion %

1. Ex.2.6 a FET with g,,=omS, v,,=? -

out™

1kQ B T
Vour = iout6X103 = —ngg 6><103 ﬁ |
Vin + v 6kQ- v
- _gm 6 X103Vin = _25Vin <> 5kQ 79 gmvg 70Ut
1+5
2. Ex.2.7aVCVSto find iy (v i Z e
a 1( s) N A, % B

KVL V2 +3V2 —12|1 = O —) V2 = 3|1 C) ”{36(2 10Q &
KVL :v,—4i-v,=0—> v, =4i+3]
3.

VA
KCL:I:_Zle?l i A

6 i :
= Bl 31 =9 | = VS URC) v; 60 2+10=12¢
— V., =0l +3l; = Il_)ll_g . 2

(h) Simplified diagram .
2-11 TREHER 2R /

(¢r) Circuit with a VCVS
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/ 3. Ex.2.8 find R, N
L 4

<
%LR:% le =8mU
v R<
o .
: : 1-9.R
KCL:1+g V=——>1=(—-0Q. +—)V= m__y
OnV =3 (gmlg -
Re :!: R
i 1-¢g.R
. . : V 1 .
If R=o0, I=-I, =-g, V> R, =—=—-—/(active)
On
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/ 2.4 Linearity and superposition \
Basics

1. Linear resistive circuit: circuit contains linear resistors and
Independent sources.

2. Proportionality principle (single independent source)
If y=f(x), then f(Kx)=Kf(x)

3. Superposition theorem (multiple independent sources)
For a linear network, response of a sum of signals = sum of signal

responses
(.) f f
linear _
network f

4. Controlled sources are not applied for the superposition theorem.
5. suppressed independent voltage source v,=0 — short circuit

suppressed independent current source i.=0 — open circuit




. . i U3 _ 3v o
%)lscussmn A A\ ° \

1. Ex.2.9 (ladder network) v, =72 e |l iyl
use proportionality principle C) — V2 60 12Q & v
to find i, v,, I, R ) B}
o—eq .

step 1: assume a convenient value for a branch variable farthest

from the source .
leti, =1— v, =12

step 2: work toward source to obtain the source value X
v, .3 ..
V, ==3V, +V, >V, =Z=3—>|2 :E_)|:|2+|1:_
V,=41=6 >V, =V, +V, =9

step 3: calculate the scaling factor K Kx9=72 > K =8
step 4: calculate the actual values by the scaling factor K

i:Kx§:12,V2:K><3:24,i1:K><1=8

R, == =6
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/Ex.Z.lO use superposition to find i,

from source 1 of 30V
30 5

i =
Y6 4+442 2

30V

from source 2 of 3A

O

3A
&
6 Q 4Q
A A

L, = x3=1
(6+2)+4

L, =
2 B6+(2+4)

.

i, =25+1-4=-05

fc) 3-A source active

2-15

4 (a) Circuit for analysis by superposition

S.C. S
A A |
from source 3 of 8A P ',L\ 2 egsl_g
6 N \T; Q
X (—8) = -4 :

=Rl
[ 1
6Q l 4 !
N—t—A,
|
30V L A
C—) st eha
-r"
|

jpres
— , IR
S.C T
. . | |
60 I 40 |
A—rt |
4,*‘-1-3
4D 20
\ }
3 el 8A

fd) 8-A source active




/ Ex.2.11 use superposition to find i, \

from source 1 of 30V @
KCL —> 9i1—1 6}\5/2 4Q

KVL - 30-6(9i,_,)-(4+2)i_,=0_ Lix
| O <s? Cras
Il—l = 05 i.=8i;

from source 2 of 3A
KCL - 9i,_,

KCL —» -
o, =81_,+3+1,,

30Ve

—>ly=1,-3
40 1-2 ; ; . o
(h) 30-V source active (c) 3-A source aclive

KVL - 6(9i,_,)+4(,_,—-3)+2i,_,=0

—>1i,=0.2

L =1.+1 ., =07A
\ b e 2-16 ?&?;&%‘*Zﬁ%




2.5 Thevenin and Norton networks
Basics

-

and at least one independent source.

circuit voltage v,

resistance R, Vv
_ Yoc
t — .
I SC
i=0 I=ig
—> —>
e '}
+ +
U=V v=0
- o
(a) Open-circuit voltage (h) Short-circuit current
2-17

1. source network: a two-terminal network
containing linear resistors (controlled sources)

Source
network

2. Thevenin parameters (terminal behavior of a network): open-
short-circuit current i

and Thevenin

sc!

(]

oc

(¢c) v—i curve

TREHE 52
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/Discussion \
1. Thevenin’s theorem: the equivalent circuit of a linear resistive

source network is a voltage source v, in series with a resistor R..
2. Norton’s theorem: the equivalent circuit of a linear resistive source
network is a current source I in parallel with a resistor R..

V

— i — 1 — 0C
Voo = V‘i:o e =1 v=0" Rt - i
SC
R, ! L
A——o =,
+ + - _ . . -
Ve . If load SC,v=0=v, - R
O g ® = v . Y
If load OC,i=0=1, -2
_ _ Rt
o o
‘a) Thevenin equivalent (b) Norton equivalent R = _o¢
N —
network network t i
sC
Vv

v=V_—Ri =g R
t Y v ow ¥ Ak A
2.18 TREER 2R /




/3. Thevenin and Norton equivalent circuits are useful to solve the \
es.

terminal behavior of a source network, but not internal branch
4. Ex.2.12 find the Thevenin parameters

O.C. load
KCL o oV - Vu |, v = (=100v,)

250 4000 2080
— v, =0.0757
vV, = v, +100v, x80+ (—100v ) =-7.28 3

2080 —0.49(1] “\"

S.C. load
KCL—)l_VX = Y + Vx (V)

250 4000 2000
—> Vv, =0.842

-6.395 ! J
iSc = Vx . 100Vx = —1052 —8.0_0l 5 = :981 - lzlg 'EI ,,,,,
2000 80 ‘ _ - |

Vv (b) v-1 curve obtained by PSpice simulation
R =-"=6.92Q ’
t H ' = % > X AA =X
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give v=24, and i=8

50
l\l

Ex.2.13 use equivalent source circuits to design R, in two cases to\

- ! ¥ + &
(¢l) Thevenin equivalent diagram

2-20

N

Thevinin and Norton equivalent circuits & %
!
20 50V 20Q v Ry
v, =50x = 40 _
5+ 20
. 50 (a) Source network with
ISC Rt = = ' load resistor Ry, i
5 50 i=0 . 5’\? %
from Tevenin equwalent circuit ! '
RL 50V 2008 B 50 VCD 20Q v=0
24=y_—Lt _5R =60 _ _
R +R, °
fI’OITl NOI"[OI’] equ |Va|ent Cl rcu |t (h) Open-circuit voltage (c) Short-circuit current
R Ri=4Q b i=8A
I\, o
=i, —1 >R =10 : .
R + R ;o(.=4ovc> v=24V <& Ry, ie=10A R =402 v &Ry

,:5
=]

(e) Norton equivalent diagram
BEHAE 2R /




to find R)

Dead
source
network

/6. Thevenin resistance = the equivalent resistance of the source \
ay

network with all independent sources suppressed. (another w

L
<L

O
+

(independent
o, C) Test voltage source or
source
current source)

(contains only resistors
and dependent sources)

Norton theorem.

\ parameters: v, i, R

v vV
t 0ocC
Ri=—=-—
I I

t SC
(v, =v__+Ri,ifv, =0
V.
thenR =—+
i

v
. A
-1, =i, ——,ifi, =0 t

t

Equivalent resistance theorem is the special case of Thevenin or

7. A source network can be described by any two of the Thevenin
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/8. Ex. 2.14 find Thevenin parameters

step 1: 40k ()—-easier to find i,
KVL > v, -5, =0—->vVv, =0—>1, =0.003
step 2: find R,
KVL > v, -5v, —v, =0—>v, =-0.25y,

KCL - i, = S S
40000 2000 10000
R = V—t =—10000 (- controlled source) - v, =R, =
It
S A s \/ ' 3mA |
(‘D 2 kQ <>L:[ 40kQ <& v [
- step 1.

fa) Source network with a VCVS (1) Short circuit at the output

T =N :
step 2: () g%;j O

—-30

(c) Dead network with test source . - I 2 4k
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/9. equivalent source conversion (including dependent sources) \

R, Vs "+ (1) sources are off — same R,
o = R,i, <> <R, (2) S.C.—>same i,
(3) O.C. > same v,

ISRt

10. Source conversion can ease circuit analysis.
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/ 11. Ex. 2.15(ex. 2.9) solve v, using equivalent source conversion \

(a) Circlit for analysis by source convertjon

using v,

Up 6Q(l2Q<

3{;‘2
o =025 xv;

all6ll1z=20

(h) Equivalent parallel circuit

KCL —>18=— 2 1 0.25v, > v, = 24V
41/61/12

When controlled sources are present, source conversion must not obliterate the

identity of any controlled variables.
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ﬂz. Ex. 2.16 (ex.2.10) find Thevenin equivalent circuit using source \
conversion
&
Bl\iz cil\slz _rb

\\/

O 8@ step 1

+ O

<

Q

+0

Il
=
o
+
N

B(8-5)7 18V > 18-12=6V

(d) (el
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